Methods
For this article, the author selectively searched the literature database of the National Library of Medicine, Bethesda, USA ("PubMed") for English or German articles that appeared from 1949 to September 2008 with the words "elderly" and "epilepsy" in the title (epilepsy [ti] AND elderly [ti] AND English or German [la] ). These criteria yielded 102 articles, of which 43 were reviews and 9 were case reports. Another search strategy (epilepsy [mh] AND geriatrics [mh] AND English or German [la]) yielded only 74 articles. Relevant chapters in current textbooks were also considered (e2, e3) . For this review article, the author considered only original reports containing data from large case series.
Features and seizure types
Epilepsy in the elderly is almost always focal, i.e., symptomatic, although generalized epilepsy can also rarely arise in old age (e4) . Epileptic seizures are often not recognized in elderly patients and are instead misdiagnosed as mental changes of uncertain origin, confusion, syncope, memory disorders, or vertigo (3) . An episode of altered consciousness and fixed gaze followed by a few minutes of confusion may be the sole clinical manifestation of an epileptic seizure in an elderly patient. Premonitory sensations (aura) are present in about 50% of young adults with focal epilepsy (4), but are rare in older patients (e5) . The lack of an aura makes epileptic seizures more difficult to recognize and to classify. Generalized tonic-clonic seizures are recognized by most observers as epileptic and often lead to a diagnosis of epilepsy, yet they are rarer in elderly patients (26%) than in younger ones (65%) (5) . The rarity of transition to a generalized tonic-clonic seizure, the common lack of motor phenomena such as automatisms, and the absence of auras are all reasons why epileptic seizures in the elderly often remain undiagnosed. In addition,
Results: The level of evidence was found to be very low. No guidelines, systematic reviews or meta-analyses are available, and there have been only three randomized, double-blind trials of treatment for epilepsy in the elderly. The seizures often escape clinical attention, because premonitory symptoms (aura) and secondary generalization into tonic-clonic seizures are both rarer in older patients. On the other hand, sudden loss of consciousness from various causes becomes more common with increasing age, presenting a challenge in differential diagnosis. Treatment is often more complex because of comorbidities and multiple other drugs, and requires a cautious approach. Drug interactions, in particular, require special attention. On the positive side, epileptic seizures in the elderly seem to be more easily controlled by medications than they are in young adults.
postictal confusion in an elderly patient can last considerably longer than is usual in younger patients (for hours or days) (6), leading to the erroneous diagnosis of dementia or stroke. Thus, whenever an elderly patient presents with acute confusion, computerized tomography reveals no structural change in the brain, and no other apparent explanation for a cognitive deficit is present (e.g., dehydration, infection, or hyperglycemia), an epileptic seizure or nonconvulsive status epilepticus (12) should be considered and electroencephalography (EEG) should be performed.
Etiology
Any disease of the central nervous system can cause epileptic seizures. Epilepsy in old age is an expression of an underlying disease of the brain. The etiology is an important determinant of the prognosis. Symptomatic epilepsy in younger adults is usually the result of trauma during delivery, congenital malformations or developmental anomalies of the brain, encephalitis, head injury, or a brain tumor. In the elderly, it is usually the expression or the result of a cerebrovascular or neurodegenerative disease (figure 2). Brain tumors play a less important role in old age. In one-third of all elderly patients, the etiology remains unclear (7) . Epidemiological studies on patients over age 60 without any history of stroke, trauma, or dementia have shown that the risk of epilepsy in this group is 1.1%. This figure is still twice as high as the corresponding figure for young adults, yet much lower than the incidence of epilepsy when stroke, trauma, or dementia are present (8) .
Cerebrovascular diseases are the main cause of epilepsy in old age. Population-based epidemiological studies have shown that stroke multiplies the risk of an epileptic seizure by a factor of 23, and the risk of epilepsy in the first year after the stroke by a factor of 17, compared to the risk in the comparable general population (e6). A distinction can be drawn here between so-called early seizures, which occur as an acute epileptic reaction from the initial hours up to two weeks after the stroke (e7), and late seizures. Data from animal experiments indicate that early seizures after a stroke are due to an acute biochemical abnormality, e.g., exposure to the excitatory neurotransmitter glutamate (e8). Early seizures arise in 2% to 8% of patients, usually in the first 24 to 48 hours after the stroke (9) . Isolated epileptic seizures occur in the aftermath of stroke in 3% to 6% of patients (9) . Late seizures, on the other hand, occur two weeks or more after the stroke and are due to chronic processes such as the removal of inhibitory influences, scarring, and the formation of new synaptic connections (e9). About half of these patients develop focal epilepsy with recurrent seizures, usually in the first three years after the stroke. The frequency of focal epilepsy after stroke is 2% to 4% and is thus two to four times higher than the incidence in the same age group without stroke (9) . Patients with late seizures who also had early seizures have a very high risk of developing focal epilepsy (e7). Further predictors of epilepsy after a stroke are the type of stroke (hemorrhagic > cardioembolic > ischemic due to arteriosclerosis), its localization (cortical > subcortical), and the severity of the stroke as judged by its clinical features and its extent on computerized tomography.
Epileptic seizures in old age can also be the first sign of cerebrovascular disease. In a study of 4709 persons over age 60 without any history of known prior cerebrovascular disease, trauma, dementia, or alcoholism, patients
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with epileptic seizures had a five-year risk of stroke that was 2.89 times higher (95% confidence interval: 2.45 to 3.41 times higher) than persons in a control group without seizures (10) . Thus, patients who have their first seizure after age 60 should be evaluated for vascular risk factors ( figure 3 ). Cerebrovascular disease is the cause of seizures in every second patient over age 60 presenting with a first seizure; thus, the patient's vascular risk profile should be analyzed, and the patient should be considered at risk for a stroke unless cerebrovascular disease can be ruled out (3). The incidence of epileptic seizures in patients with Alzheimer's disease increases as the disease progresses; the cumulative incidence over seven years is 8% (11). The incidence per person-year is markedly higher in young patients with Alzheimer's disease (age 50 to 59: 4.3%) than in patients who develop the disease in old age (over age 80: 0.55%). Aside from the age of onset of dementia, further risk factors for epilepsy are the severity of the disease and the presence of epilepsy-typical potentials in the EEG (11) . Nonetheless, epileptic seizures are not among the more prominent symptoms of the dementing diseases and are not a major therapeutic problem in this group of patients. It is simply important that they should be recognized when present. Focal epilepsy should be thought of whenever an elderly person presents with transient confusion of uncertain cause. A detailed history should be obtained from another person who observed the episode, and an EEG should be obtained (12) .
Treatment
The pharmacotherapy of elderly patients with antiepileptic drugs is complex, requiring special attention to age-related changes in pharmacokinetics and pharmacodynamics (13) . No guidelines, systematic reviews, or meta-analyses on this subject are available. There have been only three randomized, controlled, double-blind therapeutic trials of evidence class I or II regarding epilepsy in the elderly (14) (15) (16) , as well as a number of smaller studies of classes IIa and III (17) (18) (19) (20) (21) (22) (table 1) . Thus, many clinical decisions about antiepileptic treatment in old age are based on extrapolations of experience and data obtained from younger patients, combined with the general principles of pharmacotherapy in old age (e10). The available studies have shown that lamotrigine and gabapentin are superior to carbamazepine in this age group (14, 15) , but the difference disappears when the Diagnostic algorithm (author's recommendation, based on limited scientific evidence, in the absence of guidelines) dose of timed-release carbamazepine is slowly increased up to a lower target dose of 400 mg per day (16) . The tested substances did not differ in effectiveness; the difference was rather that lamotrigine and gabapentin were better tolerated. The treatment of epilepsy seems to be successful in the elderly more often than in young adults (e11): in the best-known therapeutic trial concerning epilepsy in the elderly (23) , which involved 622 patients, 62% of the patients over age 65 were free of seizures two years after the start of treatment, as compared to only about 30% of patients aged 40 or younger. A precondition for successful treatment, however, is that the antiepileptic drug is well tolerated and does not interact with other, concurrently taken medications. In the study of Mattson et al. (23) , about 64% of patients over age 65 had to stop taking an antiepileptic drug because of side effects, as compared to only about 33% of younger adults. Thus, the treatment of epilepsy in an elderly patient generally requires a search for the medication that is best tolerated and least metabolized (13, e12) (figure 4) .
Problems can arise because of increased sensitivity to medications, narrowing of the therapeutic window, and an increased likelihood of drug interactions. The main pharmacokinetic parameters and interactions of antiepileptic drugs are presented in tables 2-4. It is evident that the so-called enzyme-inducing antiepileptic drugs (carbamazepine, phenytoin, phenobarbital, primidone) generally cannot be recommended for use in elderly patients because of their multifarious interactions (e12, 24).
Age-related changes in pharmacokinetics play a role as early as the drug absorption stage, because gastric secretion, blood volume, blood flow, and gastrointestinal motility are all lower in old age. The serum concentration of medications is heavily influenced by protein binding, mainly to serum albumin, whose concentration is markedly reduced in old age (e13), so that the free fraction of medication in the serum is higher. This influences not only the desired medication effects, but also the undesired ones, and is particularly important in the case of highly protein-bound antiepileptic drugs such as valproic acid, phenytoin, or carbamazepine (e10). The main age-related physiological changes are > reduced hepatic mass and blood flow, resulting in reduced hepatic metabolism, and > progressive reduction of renal function. The ability of the liver to metabolize medication is a function of its enzymatic capacity. The cytochrome P450 enzyme complex, one of the main pathways for the degradation of medications, loses about 10% of its functional capacity every 10 years from age 40 onward; thus, by age 70, its capacity is about 30% lower (e14). Furthermore, there is no clinical parameter of hepatic metabolism with which the patient's hepatic function can be precisely monitored. Hepatic enzymes such as GGT, GOT, and GPT and the serum albumin concentration are not a measure of the liver's ability to metabolize medications (e15). Likewize, the kidneys become smaller and their functional capacity is reduced as patients become older (16) . Renal function, unlike hepatic function, can be measured biochemically. Drugs that are eliminated by the kidneys are, therefore, advantageous in elderly patients, because their dose can be adjusted to the patient's renal function.
Dosing: "Start low, aim low"
Elderly patients are more sensitive to the central and systemic side effects of antiepileptic drugs (table 5) , particularly their cognitive side effects (e17), partly because of the pharmacokinetic changes mentioned above. This was shown, for example, in double-blinded comparative studies of carbamazepine versus lamotrigine and gabapentin in patients over age 65 (14, 16) . All three medications were comparably effective. The retention rate, i.e., the percentage of patients that were still taking the medication one year after starting treatment, was used as a combined measure of drug effectiveness and tolerability and was found to be significantly lower for gabapentin (49%) than for either timed-release carbamazepine (67% for a target dose of 400 mg/day) or lamotrigine (73% for a target dose of 100 mg/day; no significant difference between carbamazepine and lamotrigine) (14, 16) . When the target dose of timedrelease carbamazepine was set higher (600 mg/day), it was markedly less well tolerated, and only 35.5% of patients remained in the study for a year (14) . No controlled studies are available to date for other antiepileptic drugs. Valproic acid should be considered as a valid alternative to carbamazepine for elderly patients (e18); this substance has been in use for many years, can be given in many different forms, and is effective against focal epilepsy. The risk of parkinsonism with cognitive decline when valproic acid is used is estimated at 2% (e19) and seems to be higher in old age, yet the lack of tiredness and motor slowing and the absence of hepatic enzyme induction are advantages over carbamazepine in this age group. Levetiracetam also deserves mention because of its favorable side-effect profile and pharmacokinetics (21); it is recommended by epileptologists (25) . No results of controlled trials in the elderly are yet available for either valproic acid or levetiracetam. In a study involving 73 elderly patients, both side effects and good seizure control were associated, in most patients, with serum concentrations of carbamazepine or valproic acid that were at, or well below, the lower limit of the socalled therapeutic range (e20). Thus, it can generally be recommended that, when an antiepileptic drug is initially given to an elderly patient (>70 years of age), the target dose should be about half that of young adults, and the rate of increase of the dose should also be half as high, whenever possible (e21).
Overview
Focal epilepsy is more common among the elderly than in any other age group. The current state of knowledge in this field, and the clinical trials that have been performed to date, still do not answer many important questions for clinical practice, because only a few trials have included elderly patients. As epilepsy in the elderly has less obvious clinical manifestations and is often overlooked, a reliable history from a person who observed the episode(s) and/or adequate data from an EEG or video-EEG recording are important means of assuring that the diagnosis will not be missed. In the coming years, a major effort should be made to improve our understanding of the clinical course and optimal treatment of epilepsy in this rapidly growing segment of the population: by the year 2020, it is estimated that every second person in Germany will be over age 50, and some 7% of the population will be 80 or older.
> The clinical manifestations of epileptic seizures in the elderly are different from those of younger patients: auras and generalized tonic-clonic seizures are rarer, while status epilepticus is more common.
> Epileptic seizures in the elderly are often not diagnosed; for improved differential diagnosis, long-term EEG and ECG recordings should be performed more often.
> A first epileptic seizure in a patient over 60 years old is more likely to be due to cerebrovascular disease than to any other etiology.
> When elderly patients are treated with antiepileptic drugs, the standard target dose should be half that used in younger adults, and drug loading should be performed half as rapidly, so that adverse effects can be avoided.
